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Abstract 
This paper focuses on the developmental changes that take 
place inside the eggs of the semi-terrestrial freshwater crab, Si-
nopotamon yangtsekiense, from Qiantang River in Zhejiang 
Province, China. The egg consists of two layers, a thick outer 
membrane and a thin inner membrane that encloses the fluid-
filled embryonic sac. Development in this species took up to 77 
days, after which the free-living juvenile hatchling crab 
emerged from the egg. During development the embryo under-
went a series of morphological changes that corresponded to 
the free-living larval stages of marine crabs, and the yolk mass 
decreased in size and changed color (from creamy pale yellow, 
to orange, and finally grey). The eggs remained attached to the 
pleopods in the female’s abdominal brood pouch during devel-
opment and showed a great deal of independence from water. 
Embryos developed normally whether they were immersed in 
water or in air. The implications of this adaptation for freshwa-
ter crab evolution are discussed. 
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Introduction
Most of the more than 6800 species of brachyuran 
crabs (Decapoda, Crustacea) are marine and typically 
produce large numbers of small eggs that hatch to re-
lease planktonic larvae which pass through a series of 
stages while floating in the surface waters of the oceans 
(Ng et al., 2008; Yeo et al., 2008). In contrast, the 
more than 1280 species of true freshwater crabs (Pota-
moidea, Trichodactyloidea) are highly adapted to life 
in fresh water and complete their life cycle entirely in-
dependently of seawater, producing small numbers of 
large eggs that hatch directly into juvenile crabs (Cum-
berlidge et al., 2008; Yeo et al., 2008; Cumberlidge et 
al., 2009; Wu et al., 2010). Although some groups of 
crabs have successfully invaded land, most species, 
with a few exceptions (Anger et al., 1990; Diesel et 
al., 2000), still need to return to the sea to reproduce. 
All true freshwater crabs, regardless of habitat prefer-
ence, show direct development whereby all free-living 
larval stages (typical of marine crabs) are lacking, and 
the maturing eggs remain attached to the female’s ple-
opods for over 70 days before hatching and releasing 
juvenile crabs (Cumberlidge, 1999; Sternberg and 
Cumberlidge, 2001; Wu et al., 2010). 
 This reproductive strategy of direct development is 
common to all families of true freshwater crabs (Cum-
berlidge and Ng, 2009), and is also seen in a few spe-
cies of semi-terrestrial crabs in the family Sesarmidae 
(Anger et al., 1990; Anger, 1995, 2005; Schubart and 
Diesel, 1999; Diesel et al., 2000; Anger and Schubart, 
2005; Anger et al., 2007). True freshwater crabs dem-
onstrate a broad range of habitat preferences (Yeo et al., 
2008; Cumberlidge et al., 2009). Many species of true 
freshwater crabs are fully aquatic and spend their en-
tire life cycle in water, but there are a significant number 
of species (including Sinopotamon yangtsekiense Bott, 
1967) that are semi-terrestrial and divide their time be-
tween water and land, even when the females are 
ovigerous (e.g. Liu and Li, 2000). There are also spe-
cies of freshwater crabs (such as the Liberian tree hole 
crab, Globonautes macropus Rathbun, 1898, the north-
ern Nigerian savanna crab, Sudanonautes monodi 
Balss, 1929, and species of Indochinese terrestrial 
crabs (Pudaengon and Terrapotamon) that live most of 
80 Xue et al. - Developmental changes inside eggs of Sinopotamon yangtsekiense
Fig. 1. Changes in the developing eggs of the potamid freshwater crab, Sinopotamon yangtsekiense from China. A-B) after 13 days; 
C-E) after 19 days; F) after 65 days. Yo = yolk; Sa = inner membrane a fluid-filled sac; Em = developing embryo; Me = outer membrane; 
Ce = compound eye of developing crab. Scale bar = 1 mm.
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their lives out of water and are functionally land crabs 
that rarely (if ever) enter rivers and streams (Cumber-
lidge, 1986, 1999; Ng and Naiyanetr, 1995, 1998). 
 The present work focuses on the development of 
the fertilized eggs of S. yangtsekiense a common spe-
cies of freshwater crab found in and around the 
mountain streams and rivers of the Yangtze River ba-
sin in Zhejiang, Anhui, Henan, Hubei, Jiangsu, and 
Jiangxi Provinces in China (Chen et al., 1994; Dai, 
1999; Esser and Cumberlidge, 2008). This species 
hides under stones on the stream bed during the day 
and forages either in the stream or on land at night. 
During the early breeding season (June to August) fe-
males carrying between 70 and 100 eggs move into 
shallow water and typically feed on land at night; 
later in the season (July to October) females carrying 
juveniles in their abdominal brood pouches appear 
(Chen et al., 1994). 
 Sinopotamon yangtsekiense was selected to investi-
gate changes that occur inside the developing embryos 
of a semi-terrestrial species of freshwater crab. This 
aspect of freshwater crabs’ biology has largely been 
overlooked in the past and there are only a few studies 
on two potamid species, one European and one Chi-
nese (Pace et al., 1976; Wu et al., 2010). The embryos 
of S. yangtsekiense are frequently not submerged for 
much of the time (more than 70-days) that it takes for 
them to mature to the point when they release a juve-
nile crab. The changes that take place inside the devel-
oping embryos over time are described and the evolu-
tionary significance of this independence from water 
discussed.
Material and methods
Freshwater crabs (S. yangtsekiense) were collected 
from the Changhua stream of Fenshui River, a tribu-
tary of the Qiantang River in Zhejiang Province, Chi-
na, between July and September 2002. Eight crabs 
were maintained in the laboratory in one aquaria 
(0.50×0.30×0.35 m) supplied with shallow fresh water 
that did not completely immerse the crabs, and with a 
raised platform that allowed crabs to spend time out of 
water if they chose to do so. The water was maintained 
at 25±1°C, leached with a water purifier (MF-1 Filter), 
and replaced every two days. Crabs were fed every 
evening with mealworms (larva of Tenebrio molitor 
Linnaeus, 1758) (Zhao,1963) and each aquarium was 
covered with black strawboard to create a shaded area 
over part of the tank. Three pairs of adult crabs were 
initially cultured in each aquarium until the female 
crabs spawned, at which point they were separated and 
cultured in individual aquaria. Twelve ovigerous fe-
males were observed every day from spawning until 
hatching of the eggs. Crabs divided their time equally 
between periods of immersion in shallow water and 
periods when they were resting out of the water. Two 
to four eggs were removed daily at 8:00 am from each 
female and fixed in 70% ethanol for analysis. A stere-
omicroscope was used to aid with the careful peeling 
away of the developing embryos from the inner mem-
brane, and the embryos were photographed using a 
digital camera fitted to the microscope. 
Results
Batches (6-8) of newly laid fertilized eggs were re-
moved from the pleopods of the twelve ovigerous fe-
males of S. yangtsekiense. Eggs were large (3.5-4.1 
mm diameter), round, and a uniform creamy pale yel-
low in color. Each embryo was found to be completely 
surrounded by a two layered membrane - a thick outer 
membrane and a thinner inner membrane that formed 
a fluid-filled sac around the developing embryo and 
yolk mass. Newly laid eggs consisted almost entirely 
of creamy pale yellow yolk (Fig. 1A). When vitello-
genesis had proceeded for 13 days the yolk became 
dark yellow and a small fluid-filled transparent sac (the 
inner membrane) was visible that contained a small 
white mass (the developing embryo) on one side of the 
egg capsule (Fig. 1A-B) (Wu et al., 2010). After 19 
days the fluid-filled sac became further enlarged and 
now covered about one-half of the yolk surface, and 
the developing embryo was visible on one side of the 
sac as a large white mass (Fig. 1C-E). After 35 days, 
the fluid-filled sac had expanded to cover the entire 
yolk surface with the developing embryo now cover-
ing most of the yolk. After 65 days, the yolk had 
changed color from bright orange to light brown-grey 
and there was a narrow, but distinct space between the 
developing embryo (which now had recognizable lar-
val features such as compound eyes) and the fluid-
filled sac (Fig. 1 F). After 77 days, the embryo had de-
veloped to a stage that resembled a juvenile crab 
(termed the ‘egg-juvenile crab’ by Wu et al., 2010) and 
both the outer and inner membranes of the embryo 
burst to release a free-living hatchling crab. The com-
plete developmental process inside the egg case was 
therefore observed to take about 77 days from ferti-
lized egg to free-living hatchling crab.
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Discussion
All true freshwater crabs complete their entire life cy-
cles in fresh water or terrestrial habitats and never en-
ter the sea at any stage of their life (in fact, they ac-
tively avoid salt water environments) (Cumberlidge, 
2008). This option is possible in true freshwater crabs 
because their reproductive strategy is modified so that 
their embryos hatch directly to produce juvenile crabs. 
It has been shown that in true freshwater crabs all of 
the normal brachyuran larval stages (e.g. nauplius, 
zoea, megalopa) are passed through during a lengthy 
embryonic development within the egg resulting in 
young hatchling crabs emerging directly out of ma-
ture eggs (Pace et al., 1976; Wu et al., 2010). This 
strategy adopted by freshwater crabs replaces that 
used by the majority of marine crabs, in which eggs 
hatch in seawater and release a free-living aquatic 
larva that metamorphoses while floating in the plank-
ton. The semi-terrestrial behavior of ovigerous fe-
males of S. yangtsekiense indicates that the eggs of 
freshwater crabs (containing developing embryos) do 
not require sustained immersion in freshwater for em-
bryonic development to proceed normally. 
 Independence from aquatic environments is of tre-
mendous evolutionary significance to these animals 
because it has allowed them to colonize not only in-
land fresh waters, but also the more terrestrial parts of 
their habitats, in places where competition from their 
aquatic congeners is reduced (Yeo et al., 2008). It is 
safe to assume that the ancestors of true freshwater 
crabs were marine crabs that acquired the ability to os-
moregulate in brackish and fresh water environments 
(Cumberlidge and Ng, 2009). Without adaptations of 
their reproductive system these ancestral crabs would 
have still needed seawater for the development of their 
embryos and larvae. The need to breed in sea water is 
still seen in species of land crabs of the families Gecar-
cinidae and Sesarmidae that live either on land, in bur-
rows, or in phytotelmic habitats which means that they 
must migrate back to the ocean in the breeding season 
to release their eggs in seawater (Burggren and Mc-
Mahon, 1988; Gilchrist, 1988; Cuesta and Anger, 2005; 
Cumberlidge et al., 2005; Melo et al., 2006). The evo-
lution of fluid-filled waterproof egg cases, however, 
has allowed direct development to take place in the 
true freshwater crabs and has freed them from having 
to return to the sea to complete their life cycle. 
 The novel evolutionary adaptation that made direct 
development possible in freshwater crabs was the 
switch from small eggs with little yolk and a single 
thin outer membrane typical of marine crabs, to large-
diameter eggs with a massive yolk supply surrounded 
by two membranes, a thick outer one that is resistant to 
dehydration and a thinner inner membrane that creates 
a fluid-filled environment for the developing embryo. 
The double-membrane around the developing embry-
os of freshwater crabs provides an aquatic environ-
ment inside the egg case throughout development. This 
adaptation imparts independence from water because 
it means that embryonic development in these species 
is possible without any contact with water in the exter-
nal environment (regardless of whether it is salty or 
fresh). This was likely a key evolutionary innovation 
that has contributed to their success in colonizing fresh 
waters and the nearby land. At the same time the en-
larged yolk mass provides enough nutrition for the en-
tire extended duration of enclosed larval development 
(cf. marine crab eggs with less yolk, in which only the 
early larval stages are lecithotrophic, while the later 
larval stages can feed themselves). The increase in egg 
size in the freshwater crabs has been accompanied by 
a reduction in the overall number of eggs, from many 
thousands to a few hundred, and represents a switch 
from an r-selected to a K-selected strategy (Ng, 1988; 
Cumberlidge, 1999). Significantly, this adaptation also 
removed the need for true freshwater crabs to return to 
sea water to complete their life cycle which is neces-
sary in the many other brachyurans that also live in 
freshwater habitats (e.g., species of Sesarmidae, Varu-
nidae, Grapsidae, Portunidae, and Xanthidae) (Anger 
et al., 1990; Anger, 1995, 2005; Schubart and Diesel, 
1999; Diesel et al., 2000; Anger and Schubart, 2005; 
Anger et al., 2007). Similarly, the embryos and larvae 
of land crabs (Gecarcinidae) need to develop in salt 
water (Cuesta et al., 1999) and this restricts these spe-
cies to the coastal areas of the world and is the reason 
that although these crabs are often found inland, they 
are never very far from the sea.
 Interestingly, some species of insects have eggs 
with two extra-embryonic membranes, a thick outer 
one (the serosa) and a thin inner one (the amnion) that 
forms a fluid-filled sac around the developing embryo 
(Schmidt-Ott, 2000; Uchifune and Machida, 2005). 
Freshwater crab eggs are also functionally analogous 
to the eggs of amniote vertebrates (reptiles, birds, and 
mammals) whose developing embryo is nourished by 
yolk and bathed in amniotic fluid in a space created by 
four membranous sacs that surround and protect it 
(Stewart, 1997). 
 The waterproof eggs of freshwater crabs were most 
likely an adaptation that followed after the ancestral 
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freshwater crabs had developed the osmoregulatory 
abilities to survive in low salt environments and had 
moved from sea water into fresh water (Cumberlidge 
and Ng, 2009). It is possible that the early ancestors of 
freshwater crabs still needed to return to the sea to 
breed, as do present-day species of Sesarma (Sesarmi-
dae), Eriocheir, and Varuna (both Varunidae). Direct 
development in freshwater crabs may have evolved af-
ter colonization of fresh waters near the coast, but once 
available, it would have freed these crabs from the 
need to return to the sea, thereby allowing them to ra-
diate into all available niches in inland fresh waters 
worldwide, including associated terrestrial habitats. 
The evolution of fluid-filled freshwater crab eggs with 
a thick outer membrane severed the need for embry-
onic development in aquatic environments, and prob-
ably first evolved for reproduction in fresh water. The 
fact that this adaptation also freed freshwater crabs 
from any kind of water for their reproductive success 
probably opened the door for their subsequent con-
quest of drier and more terrestrial environments. 
 It would appear that fluid-filled waterproof eggs are 
a necessary prerequisite for reproduction on land in a 
number of different animal groups, including reptiles, 
birds, mammals, insects, and semi-terrestrial brachy-
uran crustaceans such as the true freshwater crabs.
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